The high pressure structural and electronic evolution of bulk MoS 2 , an important transition metal layered dichalchogenide, is currently under active investigation. Recent theoretical and experimental work predicted and verified a 2H c → 2H a layer sliding structural transition at 20
MoS 2 is layered semiconductor, long known as a solid lubricant, 1 of more recent importance for its applications and, in exfoliated form, as an electronic material. 2, 3 It is also relevant for superconductivity as a parent material that can be metallized by alkali doping 4 or by surface field doping 5, 6 . In pursuit of superconductivity, it is currently studied at ultra high pressures, where it was shown theoretically 7 and experimentally 8 to undergo, besides a layer sliding structural transition at 20 GPa from the 2H c to the 2H a structure, a band overlap metallization at 30-40 GPa 7-9 . The 2H a structure was experimentally shown to persist at least up to 81 GPa [Ref. 8 ] but the further evolution of structure and electronic properties remain experimentally unclear at higher pressures. Were the 2H a structure to persist further in that regime, one might anticipate a relatively weak metallicity with modest superconducting tendencies. 7, 10 There could, however, be other structures coming up at ultra-high pressures, possibly with a stronger metallicity and superconductivity. Alternatively, the stability of MoS 2 as a compound might be altogether lost giving rise, under sufficient pressure, to decomposition and phase separation into products with different stoichiometries and different
properties.
We present here the results of first principle simulations which predict that at thermodynamic equilibrium 2H a -MoS 2 should become unstable against both possibilities, phase transformation or decomposition, when pressure reaches values between 130 and 140 GPa.
State-of-the-art density functional theory (DFT) calculations, particularly accurate at higher pressure, can reliably explore the equilibrium phase diagram of MoS 2 in this regime once they are coupled with a suitable structure search algorithm.
Using the genetic search algorithm as implemented in the Xtalopt package 11 we performed a search of the lowest enthalpy T=0 crystal structure of MoS 2 at 80, 120 and 150 GPa using supercells with 6, 9 and 12 atoms, corresponding to 2, 3 and 4 formula units. Using the PBE 12 XC potential, we employed for the 6 and 9 atoms/cell the Quantum Espresso 13 code with a PW cutoff of 60 Ry and a 4x4x4 k-point grid, and for the 12 atoms/cell the VASP code 14 with 450 eV cutoff and automatic k-point mesh generation of length 30 17 .
Results of this extensive and unprejudiced high pressure structural search recover and reproduce first of all the well-known 2H a , 2H b , 2H c and 3R layered structures. As was found in previous work, 2H a has the lowest enthalpy among them in the selected pressure range 7 .
However, a new structure was also found with 6 atoms/cell and space group P4/mmm (Fig.1) . As shown by the calculated enthalpies in Fig.2 the tetragonal P4/mmm competes strongly with 2H a at sufficiently high pressure where, with a strongly first order phase transition involving a volume drop of about 5 % it overcomes the 2H a structure at 138 GPa.
Fully relaxing and optimizing the P4/mmm structure at 150 GPa, we refined at this pressure its structural and electronic properties. The new structure has a bimolecular cell like 2H a , but unlike it is not layered. The P4/mmm unit cell is tetragonal with lattice parameters a = 2.701Å, c = 7.933Å. It contains two Mo atoms, each surrounded by eight S atoms in a CsCl local coordination, plus one S atom in an S-atom bcc cage. The band structure and electronic density of states (Figs. 3 and 4) show a strongly metallic character, as opposed to the 2H a structure which even at this pressure is only weakly metallic 7 . The calculated phonon dispersion (Fig.5) which we obtained using QE shows that at 150 GPa the P4/mmm structure is locally stable. Based on this electronic and phonon structure we calculate the electron-phonon coupling parameter and find λ ∼ 0.75, much larger than that calculated for the 2H a structure 7,10 , suggesting a superconducting temperature T c of about 15 K obtained assuming µ * = 0.1. Therefore a transformation 2H a → P 4/mmm could in principle lead to the abrupt onset of superconductivity at low temperatures and high pressures. We carried out a genetic algorithm search on MoS, and indeed found a stable structure of MoS at 120 GPa, endowed precisely with the CsCl structure, which is metallic. The structure of elemental sulphur in this pressure range is known to be the phase IV, body-centered monoclinic with an incommensurate modulation 15 . Neglecting the modulation we calculated the enthalpy curve corresponding to the MoS + S decomposition enthalpy which is shown in Fig.2 . It should be noted that inclusion of modulation could at most slightly decrease the decomposition pressure, but will not increase it. Thus, decomposition with phase separation of 2H a → MoS + S is predicted to take place at or below 135 GPa, preempting the struc- Whether the predicted equilibrium transformations will take place in ultra-high pressure 
